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(54) Method for producing amino acids by fermentation using aminoquinoline resistant bacterial 
strains 

(57) The present invention provides a method for 
producing an amino acid selected from the group con- 
sisting of L-alanine, L-vaiine, L-leucine, L-isoleucine, L- 
methionine, L-phenylalanine, L-proline, glycine, L-ser- 
ine, L-threonine, L-cysteine, L-tyrosine, L-asparagine, 
L-glutamine, L-lysine, L-histidine, L-arginine, L-aspartic 
acid and L-glutamic acid and useful as medicament, 
chemical agent, food material and feed additive at high 
industrial efficiency, the method comprising culturing a 
microorganism having an ability to produce the amino 
acid and having resistance to an aminoquinoline deriva- 
tive in a medium, producing and accumulating the 
amino acid in the present invention in the culture, and 
recovering the amino acid from the culture. 
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Description 

[0001] The present invention relates to a method for producing an amino acid by fermentation at high industrial effi- 
ciency. 

5 [0002] As a direct fermentation method for producing and accumulating L-amino acids directly from saccharide, 
there have been known methods in which mutant strains derived from wild-type strains of microorganism belonging to 
the genus Corynebacterium , Brevibacterium, Escherichia, Serratia or Arthrobacter are used. For example, the follow- 
ing are known as L-amino acid-producing mutants: auxotrophic mutants which require amino acids, etc. (Japanese 
Published Examined Patent Application No. 10037/1981), mutants which have resistance to amino acid analogs and 

io vitamins (Japanese Published Unexamined Patent Application Nos. 134993/1981 and 44193/1987), mutants which 
have both auxotrophic mutation and resistance mutation to amino acid analog (Japanese Published Unexamined Pat- 
ent Application Nos. 31093/1975 and 134993/1981), mutants which have lowered degradability (Japanese Published 
Unexamined Patent Application No. 273487/1988, and Japanese Published Examined Patent Application No. 
48195/1977), and mutants whose aminoacyl t-RNA-synthesizing enzymes have a decreased substrate affinity (Japa- 

15 nese Published Unexamined Patent Application No. 330275/1992). 

[0003] It has also been known that the production of an amino acid can be improved by using transformants 
obtained by transformation with recombinant DN As carrying genes involved in the biosynthesis of amino acids (Japa- 
nese Published Unexamined Patent Application Nos. 893/1983, 12995/1985, 210994/1985, 30693/1 985, 195695/1986, 
271981/1986, 458/1990 and 42988/1990; Japanese Published Examined Patent Application Nos. 42676/1989, 

20 1 1 960/1 993 and 26467/1 993). 

[0004] For producing L-tryptophan, there has been a report that the productivity of the amino acid was improved by 
giving resistance to aminoquinoline derivatives or to phenothiazine derivatives (Japanese Published Unexamined Pat- 
ent Application No. 1 12795/1 992). 

[0005] An object of the present invention is to provide an industrially efficient method for producing an amino acid 
25 useful as medicament, chemical agent, food material and feed additive. 

[0006] The present invention relates to the following aspects (1 ) to (1 0). 

(1) A method for producing an amino acid, which comprises: 

30 (a) culturing in a medium a microorganism having an ability to produce an amino acid selected from the group 

consisting of L-alanine, L-valine, L-leucine, L-isoleucine, L-methionine, L-phenylalanine, L-proline, glycine, L- 
serine, L-threonine, L-cysteine, L-tyrosine, L-asparagine, L-glutamine, L-lysine, L-histidine, L-arginine, L- 
aspartic acid and L-glutamic acid and having resistance to an aminoquinoline derivative in a culture medium; 
(b) producing and accumulating the amino acid in the culture; and 

35 (c) recovering the amino acid from the culture. 

(2) The method for producing an amino acid as described above in (1), wherein the aminoquinoline derivative is 
selected from the group consisting of chloroquine, amodiaquine, pentaquine, primaquine and the alkali metal salts 
of these substances. 

40 (3) The method for producing an amino acid as described above in (1), wherein the amino acid is L-histidine. 

(4) The method for producing an amino acid as described above in (1 ), wherein the microorganism is selected from 
the group consisting of genera Serratia, Corynebacterium, Arthrobacter, Microbacterium, Bacillus and 
Escherichia. 

(5) The method for producing an amino acid as described above in (4), wherein the microorganism is Escherichia 
45 coli H-9341 . (FERM BP-6674). 

(6) A microorganism having an ability to produce an amino acid selected from the group consisting of L-alanine, L- 
valine, L-leucine, L-isoleucine, L-methionine, L-phenylalanine, L-proline, glycine, L-serine, L-threonine, L-cysteine, 
L-tyrosine, L-asparagine, L-glutamine, L-lysine, L-histidine, L-arginine, L-aspartic acid and L-glutamic acid and 
having resistance to an aminoquinoline derivative. 

so (7) The microorganism described above in (6), wherein the aminoquinoline derivative is selected from the group 
consisting of chloroquine. amodiaquine, pentaquine, primaquine and the alkali metal salts of these substances. 

(8) The microorganism described above in (6). wherein the amino acid is L-histidine. 

(9) The microorganism described above in any one of (6) to (8), wherein the microorganism is selected from the 
group consisting of genera Serratia, Corynebacterium, Arthrobacter, Microbacterium, Bacillus and Escherichia. 

55 (10) Escherichia coli H-9341 (FERM BP-6674). 

[0007] As the microorganism of the present invention, any microorganism can be used, so long as it has an ability 
to produce an amino acid selected from the group consisting of L-alanine, L-valine, L-leucine, L-isoleucine, L-methio- 
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nine, L-phenylalanine, L-proline, glycine, L-serine, L-threonine, L-cysteine, L-tyrosine, L-asparagine, L-glutamine, L- 
lysine, L-histidine, L-arginine, L-aspartic acid and L-glutamic acid( referred to as the amino acid, hereinbelow) and has 
resistance to an aminoquinoline derivative. Examples of the microorganism include microorganisms belonging to the 
genus Serratia, Corynebacterium, Arthrobacter, Microbacterium , Bacillus and Escherichia, such as Serratia ficaria, 
s Serratia fonticola, Serratia liquiefaciens, Serratia marcescens, Corynebacterium giutamicum , Corynebacterium 
mycetoides, Corynebacterium variabilis, Corynebacterium ammoniagenes, Arthrobacter crystaltopoietes , Arthro- 
bacter duodecadis, Arthrobacter ramosus, Arthrobacter sulfureus, Arthrobacter aurescens, Arthrobacter citreus, 
Arthrobacter globiformis, Microbacterium ammoniaphilum, Bacillus subtilis, Bacillus amyloliquefaciens and 
Escherichia coli. 

w [0008] As the aminoquinoline derivative for use in the present invention, any substance can be used, so long as it 
has the aminoquinoline skeleton. For example, 4-aminoquinoline derivatives such as chloroquine and amodiaquine and 
8-aminoquinoline derivatives such as pentaquine and primaquine can be used as the aminoquinoline derivative. Addi- 
tionally, the alkali metal salts of these substances can be used as the aminoquinoline derivative. All of these substances 
are known as antimalarial drugs. Herein, any alkali metal such as sodium and potassium can be used as the alkali met- 

15 als. 

[0009] The microorganism of the present invention can be obtained by subjecting a microorganism having an ability 
to produce an amino acid to a conventional mutation treatment including ultraviolet irradiation and treatment with muta- 
gen such as N-methyl-N'-nitro-N-nitrosoguanidine (NTG), culturing the resulting mutant strains under general condi- 
tions on an agar plate medium containing an aminoquinoline derivative at a concentration at which the parent strain 
20 cannot grow or grows poorly, and selecting colonies of the strain which grow more rapidly than that of the parent strain 
or colonies which are larger than that of the parent strain among the resulting colonies. 

[0010] As the microorganism having an ability to produce the amino acid, a microorganism inherently having an 
ability to produce the amino acid can be used; alternatively, a microorganism which is newly obtained by subjecting a 
wild-type of a microorganism to produce the amino acid by known methods can also be used. 

25 [0011] The known methods include cell fusion method, transduction method, and other gene recombinant tech- 
niques [for all, see Molecular Cloning, A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press 
(1989) (abbreviated as Molecular Cloning, 2nd ed. hereinbelow)], in addition to the above mutation treatment. 
[001 2] The microorganism of the present invention can also be obtained by preparing a mutant microorganism hav- 
ing resistance to an aminoquinoline derivative by a conventional mutation treatment, followed by subjecting the resulting 

30 microorganism to the above-mentioned method to confer on the microorganism the ability to produce the amino acid. 
[0013] Specific examples of the microorganisms of the present invention include Escherichia coli H-9341 (FERM 
BP-6674). 

[0014] The production of the amino acid by using the microorganism of the present invention can be carried out by 
a conventional method for culturing bacteria. 
35 [0015] As the medium used for the production of the amino acid, any of synthetic medium or natural medium may 
be used, so long as it appropriately contains a carbon source, a nitrogen source, an inorganic substance and trace 
amounts of nutrients which the strain requires. 

[0016] As the carbon source, carbohydrates such as glucose, fructose, lactose, molasses, cellulose hydrolysates, 
crude saccharide hydrolysates and starch hydrolysates; organic acids such as pyruvic acid, acetic acid, fumaric acid, 
40 malic acid and lactic acid; and alcohols such as glycerin and ethanol can be used. 

[0017] As the nitrogen source, ammonia; various inorganic salts such as ammonium chloride, ammonium sulfate, 
ammonium acetate and ammonium phosphate; ammonium salts of organic acids; amines; peptone, meat extract, corn 
steep liquor, casein hydrolysates, soybean cake hydrolysates, various fermented cells and digested matters thereof can 
be used. 

45 [0018] As the inorganic substance, potassium dihydrogen phosphate, dipotassium hydrogen phosphate, magne- 
sium phosphate, magnesium sulfate, magnesium chloride, sodium chloride, ferrous sulfate, manganese sulfate, copper 
sulfate, calcium chloride and calcium carbonate can be used. 

[0019] The microorganism is cultured under aerobic conditions such as shaking culture and aerated agitation cul- 
ture, at a temperature within a range of 20 to 40°C, preferably within a range of 28 to 37°C. The pH of the medium is 
so within a range of 5 to 9, preferably around neutrality. The pH of the medium is adjusted by using calcium carbonate, inor- 
ganic or organic acids, alkali solutions, ammonia and pH buffers. Generally, the amino acid is produced and accumu- 
lated in the medium, by culturing for 1 to 7 days. 

[0020] After the completion of the culturing, the precipitates such as cells are removed from the medium, and the 
amino acid can be recovered from the medium by means of ion exchange treatment method, concentration method and 
55 salting-out method, etc., in combination. 

[0021] Any amino acid can be produced, so long as it is the above-mentioned amino acid in the present invention. 
For example, L-histidine can be produced. 

[0022] The present invention is further illustrated by the following Examples, which are not to be construed to limit 
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the scope of the present invention. 
Example 1: 

5 Preparation of an L-histidine-producing mutant strain having resistance to an aminoquinoline derivative 

[0023] The L-histidine-producing mutant strain H-9340 having resistance to 1 ,2,4-triazole alanine, which was 
derived from methionine-requiring Escherichia coli ATCC 21318 was subjected to a mutation treatment with N-methyl- 
N'-nitro-N-nitrosoguanidine (NTG) (0.2 mg/ml, 30°C, 30 minutes) according to a conventional method and spread on a 
io 150 mg/liter primaquine disodium salt-containing agar plate culture medium [0.2 % glucose, 0.3 % potassium dihydro- 
gen phosphate, 0.6 % disodium hydrogen phosphate, 0.01 % magnesium sulfate, 0.05 % sodium chloride, 0.1 % 
ammonium chloride, 50 mg/liter required nutrient (DL-methionine) and 1.5 % agar, pH 7.2]. 

[0024] The bacteria spread on the agar plate medium were cultured at 30°C for 2 to 6 days, and the growing large 
colonies were picked up and separated to obtain the strain H-9341 . The strains H-9340 and H-9341 were deposited on 
15 March 9, 1 999 with the National Institute of Bioscience and Human-Technology, Agency of Industrial Science and Tech- 
nology, MITI (1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken, Japan), under Budapest Treaty with accession Nos. 
FERM BP-6673 and FERM BP-6674, respectively. 

Example 2: 

20 

Comparative test of growth on agar plate culture medium containing primaquine 

[0025] The growth of the mutant strain H-9341 obtained in Example 1 was compared with the growth of the parent 
strain H-9340 on an agar plate medium containing primaquine. 
25 [0026] Each of the mutant strains, which had been cultured in a natural medium for 24 hours and suspended in 
physiological saline, was spread at a cell density of 1 to 10 cells/cm 2 on an agar plate medium containing primaquine 
disodium salt at the same concentration as that at the time of the acquisition of each mutant strains, and cultured at 
33 3 C for 4 days. 

[0027] Growth or non -growth of the strains on the above media is shown in Table 1 . 
30 [0028] The parent strain H-9340 did not grow on (in) the agar plate culture medium containing primaquine. 



Table 1 



Bacterial strain 


Additives for agar culture medium 




No addition 


Primaquine disodium 






salt 


H-9340 


+ 




H-9341 


+ 


+ 



Example 3 

Production of L-histidine 

45 

[0029] The production of L-histidine using the mutant strain H-9341 obtained in Example 1 and the parent strain H- 
9340 was carried out in the following manner. 

[0030] Each of the strains H-9340 and H-9341 was inoculated in 6 ml of a seed medium (2 % glucose, 0.5 % molas- 
ses, 1 % corn steep liquor, 1 .2 % ammonium sulfate, 0.3 % potassium dihydrogen phosphate, 0.015 % magnesium sul- 
50 fate, 600 mg/liter DL-methionine, 1 00 mg/liter adenine, 3 % calcium carbonate, pH 6.2) in a large test tube, and cultured 
with shaking at 30°C for 12 hours. 

[0031] Each of the obtained seed cultures (0.1ml) was inoculated in 5 ml of a production medium (6 % glucose, 1 
% corn steep liquor, 2.4 % ammonium sulfate, 0.4 % potassium dihydrogen phosphate, 0.015 % magnesium sulfate, 1 0 
mg/liter thiamine chloride salt, 1 0 mg/liter calcium pantothenate, 3 % calcium carbonate, pH 6.5) in a large test tube and 
55 was then cultured therein with shaking at 30°C for 48 hours. 

[0032] After culturing, the amount of L-histidine accumulated in the medium was assayed by high-performance liq- 
uid chromatography. 

[0033] The results are shown in Table 2. 
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[0034] Compared with the L-histidine productivity of the parent strain, the L-histidine productivity of the mutant 
strain H-9341 was improved. 



Table 2 



tn 



Bacterial strains 


L-Histidine (g/l) 


H-9340 
H-9341 


13.0 
14.2 



[0035] In accordance with the present invention, a microorganism having an ability to produce an amino acid 
selected from the group consisting of L-alanine, L-valine, L-leucine, L-isoleucine, L-methionine, L-phenylalanine, L-pro- 
line, glycine, L-serine, L-threonine, L-cysteine, L-tyrosine, L-asparagine, L-glutamine, L-lysine, L-histidine, L-arginine, 
15 L-aspartic acid and L-glutamic acid and having resistance to an aminoquinoline derivative can be obtained and by cul- 
turing the microorganism in a medium, the productivity of the amino acid can be enhanced so that the amino acid can 
be industrially efficiently produced. 

Claims 

20 

1. A method for producing an amino acid, which comprises: 

(a) culturing a microorganism having an ability to produce an amino acid selected from the group consisting of 
L-alanine. L-valine, L-leucine. L-isoleucine, L-methionine, L-phenylalanine, L-proline, glycine, L-serine, L-thre- 

25 onine, L-cysteine, L-tyrosine, L-asparagine, L-glutamine, L-lysine, L-histidine, L-arginine, L-aspartic acid and 

L-glutamic acid and having resistance to an aminoquinoline derivative in a medium; 

(b) producing and accumulating the amino acid in the culture; and 

(c) recovering the amino acid from the culture. 

30 2. The method for producing an amino acid according to claim 1, wherein the aminoquinoline derivative is selected 
from the group consisting of chloroquine, amodiaquine, pentaquine, primaquine and the alkali metal salts of these 
substances. 

3. The method for producing an amino acid according to claim 1 or 2, wherein the amino acid is L-histidine. 

35 

4. The method for producing an amino acid according to any one of claims 1 to 3 wherein the microorganism is 
selected from the group consisting of genera Serratia, Corynebacterium , Arthrobacter, Microbacterium, Bacillus 
and Escherichia. 

40 5. The method for producing an amino acid according to claim 4, wherein the microorganism is Escherichia coli H- 
9341 (FERM BP-6674). 

6. A microorganism having an ability to produce an amino acid selected from the group consisting of L-alanine, L- 
valine, L-leucine, L-isoleucine, L-methionine, L-phenylalanine, L-proline, glycine, L-serine, L-threonine, L-cysteine, 

45 L-tyrosine, L-asparagine, L-glutamine, L-lysine, L-histidine, L-arginine, L-aspartic acid and L-glutamic acid and 

having resistance to an aminoquinoline derivative. 

7. The microorganism according to claim 6, wherein the aminoquinoline derivative is selected from the group consist- 
ing of chloroquine, amodiaquine, pentaquine, primaquine and the alkali metal salts of these substances. 

50 

8. The microorganism according to claim 6 or 7, wherein the amino acid is L-histidine. 

9. The microorganism according to any one of claims 6 to 8, wherein the microorganism is selected from the group 
consisting of genera Serratia, Corynebacterium, Arthrobacter, Microbacterium , Bacillus and Escherichia. 

55 

10. Escherichia coli H-9341 (FERM BP-6674). 
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